













































达       
杨





















学校编码：10384                                           分类号      密级      
学    号：21620101152339                                                  UDC      





硕  士  学  位  论  文 
 
 
深海细菌 Pseudomonas sp.IOFA1的全基因组分析 
及其甲醛代谢途径关键酶基因的克隆表达 
Analysis of complete genome sequence and cloning, expression 
of key enzymes in formaldehyde metabolic pathways of the 
deep-sea bacteria Pseudomonas sp.IOFA1 
 
杨  敏 
 
指导教师姓名：徐  洵  院  士 
曾润颖 研究员 
专  业  名  称：生物化学与分子生物学 
论文提交日期：2 0 1 3 年 0 5 月  
论文答辩时间：2 0 1 3 年 0 6 月  
学位授予日期：2 0 1 3 年 0 4 月  
  
答辩委员会主席：               





























声明人（签名）：   







































（    ）1.经厦门大学保密委员会审查核定的保密学位论文，于   
年  月   日解密，解密后适用上述授权。 







                             声明人（签名）：  















 目录  
I 
目 录 
摘 要 ······················································ 1 
1.前言 ····················································· 5 
1.1.深海生态环境简介 ··············································· 5 
1.2.深海微生物的研究概况 ··········································· 5 




1.4.醇脱氢酶的研究进展 ············································ 10 
1.4.1.醇脱氢酶的类型·········································· 10 
1.4.2.醇脱氢酶的应用和研究进展································ 11 
1.5.甲醛歧化酶的研究进展 ·········································· 13 
1.6.甲酸脱氢酶的研究进展 ·········································· 14 
1.6.1.甲酸脱氢酶基因研究进展·································· 14 
1.6.2.甲酸脱氢酶在辅酶再生系统中的应用························ 15 
1.7.微生物基因组学的研究 ·········································· 15 
1.7.1.微生物基因组学研究进展·································· 15 
1.7.2.基因组测序策略·········································· 16 
1.8.本文研究的目的及意义 ·········································· 17 
2.材料与方法 ··············································18 





















2.2.基本方法 ······················································· 24 
2.2.1.常规实验方法············································ 24 
2.2.2. Pseudomonas sp. IOFA1 菌株的全基因组测序及其分析 ········· 28 
2.2.3. Pseudomonas sp. IOFA1 菌株醇脱氢酶的克隆表达及纯化 ······· 31 
2.2.4. Pseudomonas sp. IOFA1 菌株 FDM 的克隆表达 ··············· 33 
2.2.5. Pseudomonas sp. IOFA1 菌株 FDH 的克隆表达 ················ 36 
2.2.6.重组酶的基本性质研究···································· 38 
3.结果与分析 ··············································39 






3.2 Pseudomonas sp. IOFA1 菌株 ADH 的克隆表达以及重组酶性质的研究
 ······························································· 46 
3.2.1ADH 酶基因全长的扩增 ··································· 46 
3.2.2ADH 酶基因的序列分析 ··································· 47 
3.2.3ADH 酶的克隆和表达纯化 ································· 47 
3.2.4 重组 ADH 酶的基本特征 ·································· 49 
3.3 Pseudomonas sp. IOFA1 菌株 FDM 的克隆表达以及重组酶性质的研究
 ······························································· 51 
3.3.1FDM 酶基因全长的扩增 ··································· 51 
3.3.2FDM 酶的克隆和表达及酶活测定 ··························· 51 
3.3.3 重组 FDM 酶的基本特征 ·································· 53 
3.4 Pseudomonas sp. IOFA1 菌株 FDH 的克隆表达以及重组酶性质的研究 54 













 目录  
III 
3.4.2FDH 酶的克隆和表达······································ 55 
3.4.3 重组 FDH 酶的基本特征··································· 56 
4.讨论与展望 ··············································59 
4.1.Zn
2+对 ADH 的激活作用 ········································· 59 
4.2.伴侣蛋白对 FDM 折叠的影响以及内源结合的 NAD+ ················ 60 
4.3.甲酸脱氢酶的表达情况及热稳定性 ································ 61 
4.4.展望 ··························································· 62 
参考文献 ·················································63 
附录一：乙醇脱氢酶基因 adh 序列及开放阅读框氨基酸序列 ·····69 
附录二：甲醛歧化酶基因 fdm 序列及开放阅读框氨基酸序列 ·····70 
附录三：甲酸脱氢酶基因 fdhβ序列及开放阅读框氨基酸序列 ····71 


















 Contents  
IV 
Contents 
Chinese abstract ············································ 1 
Abstract ··················································· 3 
1. Introductions ············································· 5 
1.1.Introduction of deepsea environment ······························· 5 
1.2.Genera research of deepsea microorganisms ························· 5 
1.3. Research of status and control measures of formaldehyde pollution ···· 6 
1.3.1.The dangers of formaldehyde to human health···················· 6 
1.3.2.The current  measures to prevent formaldehyde pollution ·········· 8 
1.3.3.Microbial metabolic pathways of formaldehyde ·················· 9 
1.4.The research progress of alcohol dehydrogenase ····················· 10 
1.4.1.The type of alcohol dehydrogenase ··························· 10 
1.4.2. Research progress and applications of alcohol dehydrogenase ······ 11 
1.5.The research progress of formaldehyde dismutase ··················· 13 
1.6.The research progress of formate dehydrogenase ···················· 14 
1.6.1. Research progress of the gene coding formate dehydrogenase ······ 14 
1.6.2. The application of Formate dehydrogenase in co-enzyme regeneration 
system ··············································· 15 
1.7.Microbial genomics research ······································ 15 
1.7.1.Microbial genomics research progress························· 15 
1.7.2.Genome sequencing strategy ································ 16 
1.8.Aim and significant of this study ·································· 17 
2. Material and methods ·····································18 
2.1. Material ······················································· 18 
2.2. Methods ······················································· 24 













 Contents  
V 
2.2.2. Cmplete genome sequence and analysis of Pseudomonas sp. IOFA1 · 28 
2.2.3. Cloning，expression and purification of alcohol dehydrogenase in 
Pseudomonas sp. IOFA1 ································· 31 
2.2.4. Cloning and expression of formaldehyde dismutase in Pseudomonas sp. 
IOFA1 ··············································· 33 
2.2.5. Cloning and expression of Formate dehydrogenase in Pseudomonas sp. 
IOFA1 ··············································· 36 
2.2.6. Research of the characterization of the recombinant enzyme ······· 38 
3. Reaults and analysis ······································39 
3.1. Complete genome sequence and analysis of Pseudomonas sp. IOFA1 ·· 39 
3.1.1.Sequencing and assembly ··································· 39 
3.1.2.Preparation of genomic DNA ································ 39 
3.1.3. Genome annotation ······································· 40 
3.1.4. Analysis of gene family ···································· 41 
3.1.5.Basical metabolism ········································ 41 
3.2Cloning, expression and purification of ADH in Pseudomonas sp. IOFA1， 
and the characterization of the recombinant ADH ··················· 46 
3.2.1Gene amplification of ADH ·································· 46 
3.2.2Sequence analysis of ADH ··································· 47 
3.2.3Cloning，expression and purification of ADH ··················· 47 
3.2.4Characterization of recombinant ADH ························· 49 
3.3Cloning and expression of FDM in Pseudomonas sp. IOFA1， and the 
characterization of the recombinant FDM ·························· 51 
3.3.1Gene amplification of FDM ·································· 51 
3.3.2Cloning and expression of FDM and the activity detection ········· 51 
3.3.3Characterization of recombinant FDM ························· 53 
3.4Cloning and expression of FDH in Pseudomonas sp. IOFA1， and the 
characterization of the recombinant FDH ··························· 54 













 Contents  
VI 
3.4.2Cloning and expression of FDH ······························ 55 
3.4.3Characterization of recombinant FDH ·························· 56 
4. Discussion and perspectives ································59 
4.1The activation of Zn
2+ 
on ADH ···································· 59 
4.2The impact of the chaperone protein on folding of FDM and endogenous 
binding NAD
+
 ··················································· 60 
4.3The expression and thermal stability of the FDH ····················· 61 
4.4Perspectives ····················································· 62 
References: ················································63 
Appendix I：sequence of DNA and amino acids of adh ···········69 
Appendix II：sequence of DNA and amino acids of fdm ··········70 
Appendix III：sequence of DNA and amino acids of fdhβ ·········71 





























明，该菌株的基因组由一个环状的染色体构成， GC 含量 61.38％，预测所得 gene 
数为 5361 个，Coding 区域的长度 4921410。在基因组序列上共找到 205 个串联







株测序结果中发现能够编码 ADH 的 ORF。该酶由 379 个氨基酸残基组成，分子
量约为 40691Da，由全长为 1140bp 的 adh 基因编码。通过对重组 ADH 酶性质的
研究，发现该酶的最适作用温度为 42℃左右，在 pH 为 5 时具有最高活性，Zn2+
的存在对该酶的催化有比较明显的促进作用。 
甲醛歧化酶（Formaldehyde Dismutase，FDM）将甲醛氧化为甲酸和甲醇。
我们在 Pseudomonas sp. IOFA1 的基因注释结果中发现了一个编码甲醛歧化酶的
基因 fdm。该酶由 399 个氨基酸残基组成，大小约为 42914Da，由全长为 1200
的 fdm 基因编码。重组质粒 pcoldII-fdm 在 BL21（PG-Tf）中得到良好的可溶性
表达。后期对重组 FDM 酶性质的初步研究表明，该酶的最适作用温度位 23℃左



















酶系是一个良好的辅酶再生系统。在 Pseudomonas sp. IOFA1 的全基因组测序结
果和基因注释信息中，发现了与编码该酶有关基因 fdhβ。该基因全长 951bp，
编码 316个氨基酸，蛋白大小约为 34481Da。重组FDH酶的最适作用温度为 40℃，
在 pH 6 下有最高催化活性，该酶在 20-40℃表现出良好的热稳定性。 
本文的研究的醇脱氢酶，甲醛歧化酶和甲酸脱氢酶属于菌株甲醛代谢途径中
的醇醛酸氧化还原酶系，它们构成了完整的甲醇→甲醛→甲酸→CO2 的代谢途



































Deep sea contains huge biological resources. Unique variety of deep-sea 
sediments and oceanic crust environment gave birth to the high diversity of deep-sea 
microbial, including diversity of species, genetic, physiological, biochemical, and 
ecological function. Deep sea biosphere has become an important area of technology 
development. 
A strain of bacterium(Pseudomonas sp. IOFA1) capable of degrading 
formaldehyde was isolated from the deep-sea sediments. In this paper, we sequenced 
the complete genome of the strain, and studied the key enzyme in the formaldehy 
dedegradation pathway. The genome of Pseudomonas sp. IOFA1 was sequenced by 
solexa paired-end sequencing technology, and protein-coding sequences were 
predicted and annotated. The genome is a circular chromosome with the GC content 
of 61.38%, encoding 5361 genes and the length of coding sequence is 4921410. There 
are 67 tRNA genes, 12 rRNA genes, 59 transposons, 205 tandem repeat sequences, 
the average copy number is 3.75. 
We find the formaldehyde metabolic pathway of the strain through the KEGG 
analysis. The bacterium is methyl nutritional bacteria which is able to absorb methane 
generated methanol, then the methanol can be oxidized to be formaldehyde, the 
formaldehyde oxidation into the formic acid, finally,the formic acid is degraded into 
CO2 and H2O. The methanol-formaldehyde-formic acid oxidordeuctases has a high 
application value. 
Alcohol dehydrogenase(ADH) can oxidize alcohols into aldehydes.We have 
found the gene coding ADH in the genome sequence. The protein is composed of 379 
amino acids residues, about 40691Da, the total length of the encoding gene is 1400bp. 
The research of the properties shows that the optimum pH and temperature is pH 5 
















Formaldehyde dismutase(FDM) can catalyze formaldehyde into equal mole 
amount of formic acid and methanol. We have found a gene coding FDM in the gene 
annotation results of Pseudomonas sp. IOFA1. The protein is composed of 399 amino 
acid residues, size is about 42914Da, the total length of the gene is 1180bp. We 
expressed the recombinant plasmid in Ecoli BL21(PG-Tf), supernatant has good 
activity in the degradation of formaldehyde. Properties reseach shows that the 
optimum pH and temperature for reaction were pH 7.5 and 23℃. 
Formate dehydrogenase (FDH) catalyze formate aid oxidized into H2O and CO2, 
with the reduction of NAD
+
 to NADH. Since CO2 is the only by-product, which has 
no effect on enzyme activity and easy to escape from the reaction system. Thus 
formate dehydrogenase is a good co-enzyme regeneration system. We have identified 
the gene fdhβ encoding a protein containing 316 amino acid residues, size about 
34481Da. The optimal reaction temperature and pH is 40℃and pH6. The enzyme 
showed good thermal stability in 20-40 ℃ . 
The study of ADH, FDM and FDH in this paper, belong to the oxidordeuctases 
of the formaldehyde degradation pathway. They constitute the complete methanol→ 
formaldehyde→formic acid→CO2 metabolic pathways. The study of these enzymes 
laid a solid foundation for learning the formaldehyde metabolism of the strain and the 
application of formaldehyde pollution control. 
 
Key words: deepsea; formaldehyde degradation bacterium; alcohol dehydrogenase; 
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